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RELATION BETWEEN THE RAINFALL, THETEMPERATURE, AND THE YIELD OF CORN IN ARGENTINA.' 
~ S / . S ~ F . /  : SS/. 5 a Y  633 By K. A. IIE88LINO.  

[Traiidalrd from thc Spanish l>y (:. l?. Uiehl.] c 821 
with more or less certainty. (Mo. WEATHER REV., Feb- 
ruary! 1914, and August, 1920.) This, like other practi- 
cal a.p lications that these studies can have, depends 

determining factors a n f t h e  yiekh. That connection 1s 
more apparent for certain cultivations .than f?r others, 
and for similar cereals it is more marked in certain regions 
than in others, according to the greater or lesser presence 
of other factors that complicate the result. 

In general, the connection is not so intirnat.0 that one 
can utilize it in forecasting, as indicated above, but what- 
ever the method, it is of interest to determine scientifically 
what the relatjons are for each cered. 

ears to 
be most affected by meteorological vnriatlons. !&e yield 
data are taken from the Statistical .ligricidkrist, pub- 
lished annually under the direction of the Office of Sta- 
tistics and Agriculture. On page 53 of t.hat publication 

naturaly f upon the de ees of connect.ion between the 

We begin with corn, for it is the cereal-that a 

Amon the diverse factors that determine the raria- 

logical elements are, without doubt, the most important, 
and among these precipitation must occupy the principal 
place. We know, naturally, that if the ramfall is insuffi- 
cient, the cro s fail or diminish; also that excessive rains 

con!itions are more favorabh for crops, what is the mini- 
mum of rain for a normal crop, and when the rains turn 
to excessive or prejudicial. 

A study of these relations has interest, not aloiie from 
the scientific point of view, but also from the practical 
side. In fact, J. Warren Smith and H. A. Wallace have 
demonstrated that. knowing the rainfall and the mean 
temperature during the critical period of owth, I t  is 

tions in t B e yield of crops, the fluctuations of the meteoro- 

are rejudicia 7 . But we need to know more exactly whqt 

possible to forecast the crop of corn in the l!7 nited States 
I Rel~onesentrelallu~~ia,la tomperatura ye1 rendlmlentodel mah. Boletin Jfmmal, 

Oflcina Meteorologiea Narlonal, Oct., 1918, pp. 487-492. 
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__ 
180 
230 
86 
86 

143 

are given the areas sown and the yield in tons of the 
different cereals, since 1898 for corn, flax, and oats, and 
since 1890 for wheat. These data refer to the country as 
a whole, and with regard to corn they are the only ones 
that we have. It is not possible, therefore, to study the 
relations with this cered for each Province or region. 

In order to correlate these yields with tfhe precipitation 
and temperature, it is necessary to have data that repre- 
sent the condiBions in conjunction with the corn-growinv 
rone, formed by averages from a number of well-locatex 
stations. In order to attain this 0bjec.t) a map wm 
made (map not reproduced); it  was prepared with the 
data given in the publication before cited, respecting the 
area sown with corn in each Province. The rainfall data 
utilized in this study represent the average of 24 rainfall 
stations of which a proportionate majority are found 
within the area where the cultivation of corn is carried 
on more intensively. The full meteorologkal stations 
are not so numerous as the rainfall stations; neither IS 
t h  necessary, because the tem erature is an element 

stations was employed. 
much less variable than the rain F all; the average of six 

TABLE 1. 
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21.0 
21.2 
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Those who have made similnr studies in England- 
Hooker, and in the United Stat,es-J. Warren Smith, 

Blair, and others, have enerally determined the degree 

yields by means of the correlation coe cient.. This for- 
mula presupposes the correlation between the diirerent 
fnctors to be a strigli t  line, the variations of the one fac- 
tor always being proportionate to the other, that is to say, 
or would be in this particular case, that the yield always 
would increase with the mme amount, of precipitn.tioii. 
Logically, this is not the case, but one must have 2% 
point at  which the increase in yield is stopped. and where 
it will presently diminish if the reci itation increases 

relations in connection wit,h wheat, thnt this cered in 
our country suffers ~7itl1 more or less frequency from ex- 
cessive as well as from lack of moisture. As the growth 
of corn takes place more or less in summer, when evapora- 
tion is more active, and the necessity for moisture is con- 
sequently great,er, and, moreover, the plant for pli-pio- 
logical reasons needs more water, t-his cered does not 
suffer generglly from excessive precipitation, dthough 
the relation is not. R straight line; nevert.he1es.s it npprosi- 
mates to t.hat condition, and as the correlation c.oefficient is 
a convenient method for *expressing different, degrees of 
connection, i t  can be utilized in order to see in what 
months the c.orrela.tion is more masked. These coef€i- 
cient.s are given in Table 2. 

TABLE ?.---i?n?rc!ntion. roefirients qf the yieldof r m  with tlrc precipitation. 
and fmiipti-uh~re o j  di#eren.t months. 

P of connection between t % e determinin factors a.nd the 

much more. %e see, for exa.mp P R  e, n- en studying the 
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calculated with ect to the precipitation and to the 
temperature, owing result being obtained: 

Precipitation : 
October-November 0 . B  October-December 0.48 Octoberdanuary 0.07. 
November-Decemb)fr. O h :  NoremberJanudry, O k 3 ;  Deccslber-Jaduary, 0.33. 

Temperature : 
October-November, 0.63; October-Deeember 0.18 October-January 0 53. 
November-December, 0.58; November-Januky, d.51: December-Jadwky, 0.3. 

As is seen, there is always more 
general character of a month mill 

that the 

.-  -_--.---________ 
FIG. I.-Relatiou between the r3infdl and tho yield of corn. 

preceding, and also that the various months will preserve 
this character, which proves that the causes that deter- 
mine this character are not transitory phenomena, but 
that they must be phenomena that alter slowly. Of the 
two elements, the temperature is the more stable with 
res ect to time, as well as geogra hically. 

been said, give a relative measurement, but as an abso- 
lute measurement of the correlation will be incorrect, it  
must be that the relation is not a straight line. In  the 
diagrams, fi ures 1 and 2, the natural verity of the corre- 
lation can e seen. The year of eatest yield corre- 
spends to the year of greatest rainfa 1, and the minimum 
yield to the least rainfall, but it is easy to see that the 
increase in yield wit.h the rainfall is not constant, bein 
greater for the first 300 millimeters, diminishing g r a f  
ually thereafter, as shown by the points of intersection 
between precipitation and yield grouped a.round the 
curved line, such as is traced on the figure. Except five 
or six, the points generally remain close to this line. In  
taking the relation with the temperature, we can very 
well express it by means of a straight line, but in this 
case there is more dispersion of the points indicahg a 
lesser degree of correlation. 

The influence of teniperature, as has been seen, is 
ne.gative, that is to say, when the temperature is low it is 
much more favorable for corn. The question occurs, is 
this fact true. or onlv amarent because the temDeratures 

$he correlation coefficients of 5 able 3, as has already 

ff % 

and higher in times of dryness. In fact, the correlation 
coefficient, between these two elements is - 0.52 (this is for 
the months of October to Janu therefore in the winter 
it does not happen the same) ,%ich indicates that none 
of the factors are completely independent. Therefore, it 
is necessary to ascertain the effect of each one of these 
independent of the other, or what would be the effect of 
the rainfall, supposing the temperature constant, and the 
effect of the temperature with the precipitation constant. 
If the correlations were rectilinear, this could be done b 
the method of partid correlation. As the relation wit 
the precipitation does not satisfy this condition, I utilized 
for this object a new method, invented by George F. 
MacEwen and Ellis L. Michael, described in the Proceed- 
ings of the dme.ricnn Academy of Arts and Sciences, De- 
cember, 1919, vol. 55, No. 11. Applying it to the present 
case, the method consists in obtaining a series of averages 
of yie.ld, corresponding to a series of averages of preci i- 
tntion, corrected to a temperature constoant, and a s i d a r  
series of averages of yield, corresponding to average 
temperatures corrected to a precipitation constant. 
These corrections are found by a method of successive 
approximat,ions. The computations are too long to 
ive in detnil, but as a ncw method is employed, it will 

f e  well to give the proceedings succintly. 
The first step consists in arrangin the precipitation 

and tern erature data in the order o P ascending magni- 

K 

tude wit 1 the corresponding yield data; then making up 

FIG. 9.-Relatid between the temperature and tho yield of corn. 

two series of averages of a number of suitable yield 
groups corresponding to the precipitation and tempera- 
ture. Each individual yield fact will then be re resented 

in res ective groups, the corrections are applied in order 
to re&ce them to a precipitation and temperature con- 
stant. The number of groups employed in this case is 
five for rain and four for tern erature.. These numbers 
have been adopted with the i&a that each group should 
remain within definite limits; for example, join in one 
prom the txecinitation of 200 to 300 millimeters. in 

in some group of each series, and according as t g ey occur 

are much lower prelisefi in the periods of mod rainfall, 51 I 1 1  
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another 300 to 400, eto. It would be advant.ngeous also 
to have ench group c.ontsin t.he same qproxiin a t, p. num- 
ber of data, but it is not possible to satisfy 6lwe two 
conciitions, for when values nem the nornid nre more 
frequent than those whish dtrvint,e orently, this lilst con- 
dition hns been sacrificed in favor OF the nrst,. 

In  Table 3 are given the :iverages corresponding to 
each group, t,hc nuinher that form t,he d a h  1%' of ew1.i 
roup, and the nuniber of times that the individiinl u 

%ata of the group arc found in each groiip of t ~ i e  opposite 
series. 

TABLE 3. 

We ta.ke as base yields the a.verages of roups 3 and S, 
that is to say, to correct the rainfall by &e effect of the 
temperature. supposing it to be constmt in this vnlue, 
or to be 23.6', and corrack the temperature by the rain- 
fall; this will remain a t  tlie constant reduced va.lue of 
33.8 mm. The equations in order t,o find the correct 
values take, then, this form: 

in that 
: I =  <'-.A 

(q-1; 
[ I = :  ( q - 1 )  
1 . z  ( '-E 
i= 1 -1: 
.r=n-i: 
i-R-1 

The correction of the a.verage A is zero, because the 
one datum that forms i t  isfound in group 8,  is elected 
base. To the average B is ap lied the correction 3g 

that is in grou 5, and 3i by the two data that are found 

that form the average. 
Considering tlicse averages as the first approsimation 

of A, in order to find the values looked for, the second 
approximittion of 11. l3, C! I), and E is obtained by sub- 
stituting in the equations i l l  to (5)  the first approxima- 
tions to f ,  g. and 1, that is: 

fl= ! l i  - VI= - 6.59 

by the three data that are foun K in group 7, or for that 

in group 9, nl P divided by 6, because there tire six h t a  

~ l = = I J l - ~ ~ l = - ~ ! 0 9  
i l = . i l , -  I , =  211s 

Summing up said equations we would have: 
- . z -  *4 - Si!l.!? :1~=12:;(1.1 

t $,=1.4i9.1 
T+l,0*2.S i n , =  -!:?!;. x 
I~*=l1; i7F.O da= -99.9 
E2=1,5iG.0 ea= -6ti.9 

Now substituting t,he values a.,, b,, d,, and q, in the 
ecliiations (6) to (91, we obtain the second approsirnation 
F2! (2,. H,, and I,; and f,, g,, m d  i,,. that were substituted 
in the ecuritions (1) to (5), wil l  give the third approxi- 

If w e  continue thcse successive ap roximations, the 

until zero. when the two base averages will also be equaf 
This result hns been oht:iined in the present case in the 
981, approximation, when tho respective averages and 
dXerences are 

mition o + A, 3, eto. 

vnlucs converge, thnt is to sa , the f ifference between 
one npprosinirztion and the fol T owing will be diminishin 

?2=; 219 a= 1,2li5 
J;=l3[I27 4.5j 
( != 1.4s.: 
Jb=1,7.-,3 [I== -? I ; ! )  
K - 1  $ I l q  ,>= -::'"' 
~ . - = l ~ l : P I ;  f- -21'IL' 
( i= I .S2 !1  g= -:;.l.i 
i.r=i,.;s.! 

I = ] .  1'70 i-  14 

I n  figure 3 the original relnt,ion between preci itation 
and yield is graphically shown, and with the bro R -en line 

____I__ 

Fro. 3.-Relation between the ralniall and the yield reduced to Avc awraws. 

the same rehtion su posing the temprrnture to be con- 

nounced, that is to say, the effect of the rainfall dimin- 
ishes more rspidly. The es lanation of this is, cvi- 
dently. that fnvornble rainfa R conditions are generally 
accompanied by favorahle temperature conditions, and 
if this should be constant, the effect of the precipitation 
on1 , naturally would be less. 2 the diagram. fi ure 4, it is seen by the lesser ampli- 

yield is much less than the effect of rainfall, and when the 
effect of tlie rainfall is simultaneously subtracted this 
amplitude is reduced still more. Moreover, in its original 
form, this correlation is a straight line diminishing tho 

stant. As is seen, t R is last line has a curve more pro- 

tude of tho curre tiab 7 tlic effect of temperature over 
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vield with the rising of tho temperature, but correcting 
by the effect of the rainfall, it is seen that too low tem- 
peratures are also pre'uclicial. Logically, it  could be 
espected that it would L e so, and if we could have yield 
data for Prorinces, probably we should see that, in the 
south of the corn zone, this dimunition by too low tem- 

eratures follows with more frequency than in the north. 
$he most favorable temperature is around 21.0 to 21.5' 
C., for the months of October to January, higher tem- 

-3 ~ t m  ~ ~ . w p m z ~ m  0ctc.kr -JRnuury 
------.- x 

Ra. 4.--Relation between the temperature and the yield of corn reduced to four aver- 
ages. 

perature being prejuclicial. This inverse effect of teru- 
perature probablg must be attributed to the increase 
of evaporation with tern erature, althou h the curve is 

was correct, in virtue of the more ra id increase of 

little part of these c1at.a itre disposable, much depends on 
the method of formin the groups. In the year of least 

than included in group S. If this y..p had been included 
in the last roup, the result wou d have been different. 

tions by pure1 statist.ica1 methods, whit% shoull be 

is to arrive at some approsimaition. 
With the differences a, b, d, etc.,. we can determine the 

correctmion applicable to the base yield (1,484 kilo rams), 

temperature. Bs in all cases, t,he result will only be 
approximate, it  will be sufficiently correct to do the 
int,erpolations between said values graphically, as has 
been done in figure 5. 
. Calculating by means of this p a  h, the vield for the 
year 1598-99, for esample, we Rave: Rkinfall from 
October to January, 439 mm.; correction given by the 
perpendicular line (ordinate) correspondmg to this 
quantity of rainfall, + 270; temperature, 20.5'; correction, 

not parabolic, as would \ e expected if t K !s supposition 

evaporation than temperature. Nevert E eless, as very 

yield; that is to say, t a e ten1 erature was 22.9O C., higher 

There are a P so certain limitations to solvin these ues- 

esamined closey; T and the most that we can hope for 

in order to calculate the ~'ield, knowing the rain B all and 

+ 202; that is to say, 1,484 + 270 -t 202 = 1,956. In  Table 
4 are given the yields calculated b this method for all 
the years from 1S9S to 1919, a n 8  the difference that 
resulted subt.mcting this calculated yield from the actual 
yield. 
TABLE 4. - 17irlrl of porn mlrirlatcd.for the ro.infall and t h  fmperatiirc 

Octohr to Jcinitnry. 
.____ 

I I 

19m10. ......... 
.......... i ......... 
.......... 
........ ........ .......... I 

I 
.......... 
.......... - 6 I (  191*21 

16%-99.. ........ 1.714 -233 
1Pw-lrJ~~ ........ ' :-!E 1 46 
1sw-m.. .... ..I i'tw ! 2,lW 
IWl-?. .......... 1 1:379 : 1.559 

1W)FLli ........... 1 ?.OI.I ! 
1007-I; ........... 1 1 . 2 ~  I 1 539 I 167 
19ns-9. .......... j 1.319 i 1:w I 130 

19E-3.. ......... 1 , w  I 1 . W  
19113-4. .......... / 1.481 
19cu-; ............. 1.794 

l!lWj7.. ......... 734 

. - 

In  three cases the differences amounted to 30 er cent 

are not more than 20 per cent, Jthough the differences 
are considered, and are considerable, compared with the 
usud. variations from 'ear to year, they are really small 

The low yields of crops obtained in 1904-5 and 1912-13 
are explained, without doubt, because the rainfall of 

of the normal, but in the rest of the years the di B erences 

as is soen by the grttp II , fig. 6. 

-/z~~i-~-i--tl-~.-~,-,-!-. 1 I I 1 I 1 
A-. 

200 300 4iw 500 

RG~.-%L~ GGLc#w- Januury. -- 
Fra. S.--COrrectlOnS corresponding to di5erent temperatures and minhll for calculating 

11s yield cfco~ir. 

December in the first place, and of January in the second, 
was very much below the normal, althou h the totd 

In consequence of this, the differences will probably be 
reduced somewhat if the effect of each month is con- 
sidered separately. Nevertheless, some lar e differ- 

more dependable, and to strengthen them, it would be 
necessary to so consider the rainfall, likewise temperature 

rainfall for the four months was more or f ess normal. 

ences remain, and in order to make the c &3 culations 
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under other aapects, principally the distribution of the 
rainfall, or, this being so, to make the periods less than 
a month. The low ield of 1915-16, for exam le, is 

month was more or less normal, it occured in small, 
vigorous showers, with long intervals of d The 
rslnfall of Janua ractically all fell on r1;-16th, 
not having rained 73 e ore since the middle of December. 
This appeared to be exceeded in 1909-10, when there 
was an absolutely dry s ell to the north of Buenos Aims 

in localities by small falls that, in reality, only intensi- 
fied the dr ness, because instead of penetrating to tlle 

evaporation. 
It is natural that these long periods of dryness caused 

injury to the plants, which can be com ensated for only 
partial1 by later rains. It would evi (Q ently be of inter- 

the plant8, that is to say, in which period was the lack 
of rainfall more harmful; hut, in order to do this, it 
would be necessary to have yield data over all of the 
Provinces, and also over all of the periods of seedtime and 
harvest, although these vary according to the Provincm, 
and also from one year to the other. The period of ab- 

axplained, because, a 9 though the total rainfall o P each 

from November 25 unti 7 December IS, only interrupted 

roots they s onned a crust on the surface that facilitated 

est to t? nd out which is the criticaJ period of growth of 

-- 

I t-t-? - &f#Q,/ ;*Tfl/(j y,--+-j-+-j-jyi 
.--..L--UI-L-L-A.LI - --A 

FIQ. 6.4omparison betwcn errlculated nnd actual yields. 

solute dryness in 1909, for example, was only esperi- 
enced in art of the corn zone, having been interrupted 
in others y regular rains the beginning of December. 

Another cause of diminution of yield, and this is a 
factor that can not be taken into account in the cal- 
culation, must be when rainfall is excessive during the 
period of harvest, and without doubt the loss in yield 
m 1899-1900 must be attributed to this cause. 

It is more difficult to explain the positive differences 
when the ield has been more than calculated, as in 
1902-3 an c9 1903-4, although it is possible th(y are in- 
fluenced somewhat in tlieso cases by the relatively low 
temperatures in January that, according to the corre- 
lation coefficient, being the month when temperatures 
have their major effect. Nevertheless, the same ex- 
planation can not obtain in 1918-19 and 1919-20, al- 
though it was in these ears that the January tempera- 

the rainfall, although in some years it can be unfsvor- 
able, in others has been favorable and worked toward 
the making of a yield superior to the mean conditions. 

In resume, the factor most important in the yield of 
corn in our countr is the rainfall from October to Janu- 
ary, inclusive, a n z i n  the second place, the temperature 
during the same time. With these two factors it is pos- 
sible to calculate the yield with sufficient accuracy, and 
therefore, knowing the area sown, the amount of the 

ture was rery high. B or the rest, the distribution of 

total crop of the countr at  the end of the month of 

gmera.1 does not begin until March. 
The calculation, as has been seen, would probably per- 

fect itself crmirlerinu these elements by periods; for ex- 
ample. for weeks or cyecacles, although much complica.tion 
of the question would result and, moreover, in order to 
estimnte each one of these elements correctly for the 
lesser periods, it  woulcl be necessn.ry, as has already been 
anid, t.o nrrai:ge the yield data by Provinces or lesser 
areas. 

St.il1. perfecting the calculation all that is possihle, it  is 
eri(1ent that differences remain hct.ween the calculations 
and the j-ields, because, alt,hough the tem erature and 

termining t.he yield of corn, t,hey are not, nnturally. the 
cmly oces. Of other fact,ors that influence in a negative 
mise, some are meteorological, as hail and frost, ot,hers 
not so. principally t,he invasion of 1ocust.s and other 
plagues. Hail generally only causes injury in limited 
areas, and for t.ha.t rcmon hns i:o great influence on the 
t,otnl production of tlic country. Frost, influence can also 
be coiisitlered negligihle wibh respect to corn, hecause 
ccmtlitions which produce frost occur t,oo late to injure 
the c.crea.1, or it, is generally possible to sow new seed. A 
more im orhnt  factor is, no doubt, locusts, and in the 
low yielr P s of 1915-16 and 1916-17, the poor distribution 
of the rainfall must have further influenced, in great part, 
the ravages caused by the insect,s, these years being those 
of worst punishment by this plague. 

Before we finish, we will turn a moment to figure 5. 
The yield corresponding to 300 m. is 550 kilograms per 
hectare (100 acres) (the temperature being constant) ; at 
300 mm. it is 1,300; at 400 1,680, and at  500 mm. 1,820 
kilograms per hectnre. Between 300 and 300 mm., there- 
fore. the yield increases 1,300 - 550 = 750 kilograms, or 
should be 7.6 kilograms for each millimeter of rain; from 
200 to 400 increases 3.5 kilograms er millimeter, ancl from 
400 t,o 500 mm. 1.4 kilograms. 1 s .  notwithstanding, the 
rainfall generally comes accompanied by favorable tem- 

erat,ure conditions, according to an approximate calcu- 
rat,ion, and in order t.0 have a com utation of the two 
e1ement.s. we can take the espresse B yields by the con- 
tinuous line. This we do for rainfall until 300 mm., 8 
kilograms, more or less, per 100 acres for each millimeter; 
for 300 t.0 400 nim. four kilograms for each millimeter, 
nnd above 400 mm. 2.4 kilograms per millimeter. 

In the last year of those that enter into this stud 
1919-20, t,he area sown was 3,313,300 hectares. A mi& 
meter of rainfall, until 300 mm. for the four months is 
reached, would e q d ,  then, 26,500 tons, or at  the rice 

more or less. In pro ortion as the rainfall increases, its 

will always increase, escept during harvest, or at  least in 
ears that nre used in this study there is no evi- 

dence t,he 22 t TI at. corn has suffered from excessive rainfall dur- 
iiig growth. The calculat.ed values, as are drawn by a 
mean curve, refer to mean conditions of distribution, and 
if the dist,ribution of rainfall should he poor its value 
will be less, as also it will be greater if the dist,ribulion is 
especially good. 

If bhe rainfall observers wodd say to themselves that 
cnch inil!iniot,er of rainfall can be worth millions of dollnrs 
to the count,ry, perha.ps they would have more interest in 
the obseroiitions, which are not always made with the 
care that could be wished for. 

Jnnuary, which is of evi B ent interest, as the harvest in 

the minfall can be considered t,he principnl F actors in de- 

$10 a hundredweight,, two millions and a half of do Ip lars, 

value will be diminis R 'ng, but as respects corn its value 


